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This paper presents the recent research of the COMbat 
Wear INtegration (COMWIN) RF Vest antenna presented 
at MILCOM2000. This version of the ultra-wideband 
VHF/UHF (30 MHz to 500 MHz) vest antenna, designated 
as MK-III, is integrated into the existing dismounted 
Marine/Soldier Kevlar flak vest and has no visual 
signature. This antenna is one of the three COMWIN 
antennas developed at the Naval Postgraduate School 
(NPS) for the Joint Tactical Radio System applications.  
 
The improved RF Vest (MK-III) was designed using 
Ansoft’s High Frequency Structure Simulator (HFSS) 
software.  This design accounts for the operator wearing 
the flak jacket, the MOLLE pack system, and the radio 
(radio dimensions based on SINCGARS man-portable 
radio).  Several prototypes have been built at NPS and 





The COMbat Wear INtegration (COMWIN) concept, 
initially presented at MILCOMM2000, is based upon the 
idea of integrating communication antennas into the items 
of combat gear (flak vest, helmet, etc.) of the dismounted 
infantryman.  The Ultra-Wideband Radio Frequency Vest 
Antenna (further referred to as the “RF vest” antenna) is a 
COMWIN component intended to operate from 30 MHz to 
500 MHz.  The RF vest antenna has been designed such 
that it can be integrated as an external layer of the existing 
military Kevlar flak vest or worn as a “cover” over the flak 
vest. 
   The process of designing the RF vest antenna 
started with multiple computer simulations of potential 
designs. From the computer simulations, an optimum 
design was chosen based on input impedance and a 
VSWR. Next, the RF vest antenna prototype (MK-III) was 
constructed and measured in order to verify the simulated 
results. Ongoing work includes the improvement of the 
computer model, design optimization, fabrication, and 
measurements of future prototypes. 
 This paper focuses on the results obtained from 
measurements of the third physical prototype (MK-III).  
The measured input impedance and VSWR are presented.  
Results of computer simulations are also included for 
comparison with the measured data.  
 
RF VEST ANTENNA DESIGN 
 
The basic design of the RF vest antenna is shown in Figure 
1 (the front view of the MK-III prototype on a Styrofoam 
man model).  The RF vest antenna is constructed from a 
type of conducting cloth (Nickel/Copper Polyester 
Nonwoven Metalized Material) called Flectron [2].  
Copper tape is used to reinforce certain areas of the vest 
and to allow soldering of the feed transmission line (Figure 
2).  The thin conducting cloth is applied to a canvas base to 
provide mechanical strength to the RF vest antenna and to 
prevent tearing.  A gap separates the upper and the lower 
half of the RF vest antenna, as shown in Figure 1, into two 
sections of approximately equal surface areas.  The RF 
vest antenna is fed by a coaxial cable in the back.  The 
coaxial shield is attached to either the upper or the lower 
half of the vest, while the center conductor is attached to 
the opposite half, across the gap (Figure 2).  On the RF 
vest antenna side opposite the feed (the front side), the 
upper and the lower halves of the RF vest antenna are 
“shorted” by thin strap of Flectron (Figure 1).  
One can conceptually consider the RF vest antenna 
as a limiting case of a horizontal slot antenna on a vertical 
cylinder of finite height, with the gap between the upper 
and the lower halves of the RF vest representing the “slot”.  
To achieve the lowest possible low cutoff frequency the 
“slot” width must be as large as possible and so the gap 
(“slot”) extends around the entire cylinder. The impedance 
and the bandwidth of a slot antenna depend on the slot 
shape and width.  Variations of the gap shape and width 
have been investigated for maximizing the operating 
bandwidth.   
 
0-7803-7227-1/01/$17.00 (c) 2001 IEEE0-7803-7225-5/01/$17.00 (c) 2001 IEEE 1291
 
Figure 1. Ultra-Wideband Radio Frequency Vest Antenna 
 
 









COMPUTER SIMULATIONS AND PROTOTYPE 
MEASUREMENTS 
 
Previous research by Dr. Lebaric, Dr. Adler and Thomas 
Gainor [1] used Numerical Electromagnetics Code (NEC), 
based on the Method of Moments (MoM) techniques. 
These NEC computer simulations did not account for the 
human operator, Kevlar flak jacket and radio.  The current 
research is focused on optimizing the RF vest by 
accounting for operator, Kevlar flak jacket and radio in the 
computer simulations. Ansoft’s High Frequency Structure 
Simulator (HFSS) code, which is based on the Finite 
Element Technique (FEM) accounts for the dielectric 
properties of the human operator, Kevlar flak vest and the 
radio in the performance of the antenna.  The HFSS model, 
shown in Figure 4, approximates human operator, Kevlar 
flak jacket and radio.  
 
 
Figure 4. MK III, HFSS Computer Simulation Model 
Multiple computer simulations were conducted with 
various slot widths. A 1 cm gap was determined to be the 
optimum slot width. The MK-III prototype was fabricated 
with a 1 cm slot width. The following plots show the 
measured and simulated results for the MK-III. Figures 5 
and 6 show the comparison of the measured and simulated 
real component and magnitude of the input impedance. 
The figures show that the model approximates the input 
impedance reasonably well in the 20-150 MHz range. 
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Real Component of Input Impedance Mk III
Simulated
Measured 
50 Ohms  
 
Figure 5.  Real Component of Input Impedance with Human 
Operator, Kevlar Flak Jacket and Radio 
 
 












Magnitude of Input Impedance MRKIII
Simulated
Measured 
50 Ohms  
 
 
Figure 6 Magnitude of Input Impedance with Human 
Operator, Kevlar Flak Jacket and Radio 
 
 
The VSWR computer simulations predicted a low cutoff 
frequency (defined by the condition VSWR = 3) of 
approximately 50 MHz.  Figure 7 shows the measured and 
simulated VSWR for the 20-150 MHz range.  The 
measured MK-III prototype shows a VSWR < 3 for the 
entire operating range of 50 - 500 MHz.   
The current MK-III prototype has an improved feed region 
from previous RF designs that allows it to be fed directly 
by a 50 Ohm coaxial line, and does not require any 
impedance transformation to match the output stage of 
most man-portable military radios. 









Measured vs. Simluated VSWR Mk III
Simulated
Measured 
VSWR = 3 
 
Figure 7. VSWR for 50 Ohms with Human Operator, Kevlar 
Flak Jacket 
 













Figure 8. Measured VSWR for 50 Ohms with Human 
Operator, Kevlar Flak Jacket and Radio 
 
 
ONGOING RF VEST DEVELOPMENT 
 
Current research is focused on achieving the low cutoff 
frequency of 30 MHz, and improving the human operator 
model.  Modeling the human operator is highly complex 
because of the variety of different tissues that make up the 
human body. There is currently little research on FEM 
models of the human body, apart from the cellular phone 
SAR applications that emphasize human head modeling. 
The human model used in this research is an approximate 
model based on a homogenous lossy dielectric, rather than 
specific organs and tissues.  The homogeneous model is 
based on a “human” that is 80% muscle and 20% fat. The 
entire operating range is divided into 2 sub-ranges (20-100 
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MHz and 100-500 MHz, 5:1 ratio) and a single 
approximation of İr and ı is computed for each range by 
averaging the corresponding values for muscle and fat in 
these frequency ranges. The dielectric values used in the 
model were computed from human tissue research done by 
Brooks Air Force Research Lab [3]. A non-homogenous 
model with frequency dependent İr and ı will improve the 
input impedance calculations from 150-500 MHz, but to 
our knowledge such model has not yet been developed for 
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